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,QWURGXFWLRQ
7RGD\¶V FDUV UHSUHVHQW D FRPSOH[ FRPSURPLVH EHWZHHQ FRQWUDGLFWRU\ UHTXLUHPHQWV ZLWK UHJDUG WR
VDIHW\H[KDXVWHPLVVLRQVQRLVHSHUIRUPDQFHDQGSULFH+RZHYHUVLQFHLW LVZLGHO\UHFRJQL]HGWKDWWKH
TXDOLW\RIOLIHSDUWLFXODUO\LQWKHXUEDQHQYLURQPHQWLVKHDYLO\LQIOXHQFHGE\DLUDQGQRLVHSROOXWLRQUH
VXOWLQJIURPURDGWUDIILFRQHRIWKHWRSSULRULWLHVIRUFDUPDQXIDFWXUHUVLVWKHUHGXFWLRQRIQRLVHDQGHPLV
VLRQVIURPYHKLFOHVZLWKSDUWLFXODUDWWHQWLRQFXUUHQWO\EHLQJIRFXVHGRQ&2,QWKLVUHJDUGVWKHSULQFLSDO
YHKLFOHPDQXIDFWXUHUVLQ(XURSHKDYHXQDQLPRXVO\DJUHHGWRDGRSWDQLQWHJUDWHGDSSURDFKZKLFKKDVDV
FRUQHUVWRQHV WKH GHYHORSPHQW RI PRUH IXHO HIILFLHQW SRZHU WUDLQV DQG ZHLJKW UHGXFWLRQ RI WKH YHKLFOH
ERG\
:LWKLQDYHKLFOHPDQ\FRPSRQHQWVFRQWULEXWHWRWKHRYHUDOOHPLWWHGQRLVHRIDYHKLFOHLQGLYLGXDOO\UD
GLDWLQJQRLVHEHWZHHQ±G%$VHH)LJ+DYLQJGLIIHUHQWGRPLQDQWQRLVHVRXUFHVRIWKHVDPH
RUGHU HJZLWKLQG%$ WKH WUHDWPHQWRIRQO\RQHVRXUFHVZLOOQRWDIIHFW WKHRYHUDOO UDGLDWHGQRLVH
&RQWUDULZLVH D SUHYLRXVO\PDVNHGQRLVH VRXUFH FRXOGEHFRPHGRPLQDQW EHLQJPRUH DQQR\LQJ WKDQ WKH
WUHDWHGQRLVHVRXUFH,QRUGHUWRDFKLHYHDQRYHUDOOQRLVHUHGXFWLRQIRUYHKLFOHVDOOQRLVHVRXUFHVDQGWKHLU
WUDQVIHUSDWKVWRUDGLDWLQJFRPSRQHQWVKDYHWREHWUHDWHGVLPXOWDQHRXVO\DQGLQDKROLVWLFDSSURDFK7KH
SUREOHPRIPXOWLSOH QRLVH VRXUFHV DQG WUDQVIHU SDWKVZLOO EHFRPHPRUH DQGPRUH FKDOOHQJLQJZLWK WKH
XSFRPLQJPXOWLPDWHULDOGHVLJQRIWKHYHKLFOHERG\DQGHQYLVLRQHGIOH[LELOLW\DQGPRGXODULW\RIWKHYHKL
FOHSRZHUWUDLQ7KHGRPLQDQWVRXUFHVDQGWKHLUTXDOLW\HJIUHTXHQF\FRQWHQWZLOOYDU\IURPFDUWRFDU
DVZHOODGGLWLRQDOWUDQVIHUSDWKVZLOORFFXU

)LJ&RPSRQHQWVZLWK,QIOXHQFHRQ1RLVH6RXUFH*HUKDUG
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7KHVFRSHRIWKLVSURMHFWLVWKHUHIRUHWRGHYHORSIOH[LEOHLQWHJUDWHGSDVVLYHDQGDFWLYHVROXWLRQVZKLFK
ZLOOQRWRQO\SHUPLWQRLVHDQGYLEUDWLRQWREHDWWHQXDWHGLQQHZYHKLFOHVHTXLSSHGZLWKWKHQH[WJHQHUD
WLRQRI KLJKO\ IXHOHIILFLHQWSRZHU WUDLQVEXWHQDEOHYHKLFOHGHVLJQJXLGHOLQHV WREHGHILQHG LQRUGHU WR
UHGXFHZHLJKWZLWKRXWFRPSURPLVLQJRQFRPIRUWDQGVDIHW\2QWKHEDVLVRIWKLVDSSOLFDWLRQWKHSURMHFW
SRVHV D VHULHV RI VSHFLILF WHFKQLFDO REMHFWLYHV WKH IXOILOPHQW RIZKLFKZLOO EHGHPRQVWUDWHGXVLQJ D
F\FOLQGHU,&YHKLFOHZKLFKLQFOXGHV
x 'HILQLWLRQRIGHVLJQJXLGHOLQHVIRUUHGXFLQJYHKLFOHZHLJKWE\DGRSWLQJLQWHJUDWHGVROXWLRQVIRUQRLVH
DQGYLEUDWLRQDWWHQXDWLRQ5HVXOWVZLOOLQFOXGHOLJKWZHLJKWSDVVLYHQRLVHDQGYLEUDWLRQFRQWUROVROXWLRQV
DQGGHVLJQUXOHVIRUOLJKWZHLJKWYHKLFOHVLQFRUSRUDWLQJLQWHJUDWHGQRLVHDQGYLEUDWLRQFRQWURO
x 'HYHORSPHQWRIDGYDQFHGLQWHJUDWHGVROXWLRQVIRUQRLVHDQGYLEUDWLRQFRQWURORIYHKLFOHVHTXLSSHG
ZLWKHQHUJ\HIILFLHQWSRZHUWUDLQVWKHDLPLVWRGHPRQVWUDWHWKDWQRPLQDOO\RQHVROXWLRQDSSURSULDWHO\
WXQHGFDQEHXVHGWRFRQWUROWKHQRLVHDQGYLEUDWLRQLQYHKLFOHVZKLFKPD\EHHTXLSSHGZLWKDUDQJH
RIGLIIHUHQWSURSXOVLRQV\VWHPV
x $QDO\VLVRIFRPSDUDWLYHFRVWEHQHILWRIGHYHORSHGDSSURDFKHVIRULQWHJUDWHGQRLVHDQGYLEUDWLRQFRQ
WUROZLWKUHVSHFWWRWKHFRQYHQWLRQDODSSURDFKWRYHKLFOHGHVLJQIRUDFFHSWDEOHYLEURDFRXVWLFSHUIRUP
DQFH'HOLYHUDEOHVZLOOLQFOXGHDEXVLQHVVFDVHVWXG\DQDO\VLQJWKHFRVWEHQHILWSRWHQWLDORIWKHVROX
WLRQVGHYHORSHGDQGLGHQWLI\LQJWKHOHDGPDUNHWVZKLFKZLOOHQDEOHVLJQLILFDQWPDUNHWSHQHWUDWLRQRYHU
WKHPHGLXPWHUP\HDUV
,PSURYLQJYHKLFOHQRLVHDQGYLEUDWLRQVZLWKRXWDIIHFWLQJRWKHUSHUIRUPDQFHVKDVEHHQSURYHQWREHH[
WUHPHO\GLIILFXOW LI QRW LPSRVVLEOHZLWK VWDWHRIWKHDUW WHFKQRORJ\5HFHQW WHFKQRORJLHV LQ WKH ILHOGVRI
VPDUWPDWHULDOVDQGDFWLYHFRQWUROSURYLGHSRWHQWLDOVROXWLRQVEXWKDYHRQO\EHHQSURYHGLQWKHODERUDWRU\
)RUDXWRPRWLYHDSSOLFDWLRQVSLH]RHOHFWULFDFWXDWRUVZHUHRISULPDU\LQWHUHVWZLWKUHVSHFWWRSULFHUREXVW
QHVVWHPSHUDWXUHUDQJHDQGPHFKDQLFDOORDGV7KHUHDOL]DWLRQRISLH]REDVHGIXHOLQMHFWLRQV\VWHPVKDGD
PDMRU HIIHFW RQ HVWDEOLVKLQJ D VHULHVFRPSDWLEOH PDQXIDFWXULQJ WHFKQRORJ\ WKXV RSWLPL]LQJ UHOLDELOLW\
DYDLODELOLW\DQGFRVWRIVXFKFRPSRQHQWV2QHRIWKHUHIHUHQFHSURMHFWVLQWKLVILHOGLVWKH(XURSHDQ,QWH
JUDWHG3URMHFW ³,QWHOOLJHQW0DWHULDOV IRU$FWLYH1RLVH5HGXFWLRQ ± ,Q0$5´ 103&7
)LQLVKHG$SULO ,Q0$5KDVGHDOWZLWKDFWLYHPHDVXUHV WRFRQWUROQRLVHDQGYLEUDWLRQVRIGLIIHUHQW
VRXUFHVZLWKLQDQDXWRPRWLYH0RVWUHOHYDQWWR*UHHQ&LW\&DUDUHFRQFHSWVGHDOLQJZLWKWKHSRZHUWUDLQ
DQGYHKLFOHERG\5HJDUGLQJWKHSRZHUWUDLQWKHRLOSDQDVPRVWUDGLDWLQJFRPSRQHQWQHDUWKHHQJLQH
ZDVFKRVHQIRUGHYHORSLQJDFWLYHQRLVHUHGXFWLRQFRQFHSWV2QODERUDWRU\VFDOHDVLJQLILFDQWQRLVHUHGXF
WLRQFRXOGEHREWDLQHGEXWZLWKVLPSOLILHGH[FLWDWLRQKDUPRQLFH[FLWDWLRQ7HVWHGRQWKHYHKLFOHQRVLJ
QLILFDQWUHGXFWLRQRQQRLVHOHYHOVFRXOGEHPHDVXUHG0DLQUHDVRQLV WKHFRPSOH[H[FLWDWLRQLQDFDUUH
VXOWLQJLQFRPSOH[RSHUDWLRQDOYLEUDWLRQPRGHVDVZHOODVPXOWLSOHYLEUDWLRQWUDQVIHUSDWKV%HVLGHVWKH
LVRODWLRQ RI WKH HQJLQH IURP WKH YHKLFOH ERG\ZDV LQYHVWLJDWHG LQ ,Q0$5$ K\EULG HQJLQHPRXQW KDV
EHHQ GHYHORSHG DQG LPSOHPHQWHG LQ D 5HQDXOW 6FHQLF 6LJQLILFDQW UHGXFWLRQ RQ YLEUDWLRQV FRXOG EH
DFKLHYHGLQWKHPDLQWUDQVIHUSDWKRIWKHPRXQW$JDLQWKHHIIHFWRQQRLVHZLWKLQWKHFDUZDVOLPLWHGGXH
WRQHZWUDQVIHUSDWKVSHUSHQGLFXODUWRWKHPRXQWDVZHOODVPXOWLWUDQVIHUSDWKVLQJHQHUDO$PRQJRWKHUV
WKHKLJKSRWHQWLDORIVKXQWGDPSLQJWHFKQLTXHVSLH]RHOHFWULFDQGHOHFWURPDJQHWLFKDVEHHQSURYHQWREH
YLDEOH FRQFHSWV HQKDQFLQJ WKH GDPSLQJ SURSHUWLHV RI DOUHDG\ DFRXVWLFDOO\ WUHDWHG SDQHOV$FWLYH 6RXQG
&RQWUROXVLQJORXGVSHDNHUVDVVHFRQGDU\VRXUFHVLVDOVRZHOOGHYHORSHGLQDSSOLFDWLRQVZKHUHWKHGLVWXUE
DQFHLVWRQDO,QSDUWLFXODUDQXPEHURIFRPPHUFLDOV\VWHPVDUHQRZSURGXFHGIRUFRQWUROOLQJVRXQGLQVLGH
SURSHOOHUDLUFUDIW$OWKRXJKWKHSULQFLSOHVRIFRQWUROOLQJHQJLQHQRLVHLQFDUVZDVGHPRQVWUDWHGVRPHWLPH
DJRLWVFRPPHUFLDODSSOLFDWLRQKDVEHHQVORZHUWKDQLQWKHDYLDWLRQILHOGEHFDXVHRIWKHJUHDWHUFRVWVHQ
VLWLYLW\RIWKHDXWRPRWLYHLQGXVWU\7KHFRQWURORIURDGQRLVHLQWURGXFHVDQRWKHUOHYHORIFRPSOH[LW\GXH
WRWKHLPSRVVLELOLW\WRXVHDZHOOGHILQHGFRQWUROVLJQDODQGWRWKHEURDGEDQGQDWXUHRIUROOLQJQRLVH3UR
WRW\SDOV\VWHPVKDYHEHHQVWXGLHGLQWKHSDVWDW)LDWXVLQJDFFHOHURPHWHUVRQVXVSHQVLRQEUDFNHWVDVLQSXW
VLJQDOVEXWWKHFRVWRIVXFKV\VWHPVLVQRWVXVWDLQDEOHIRUWKHDXWRPRWLYHPDUNHW(QJLQH$FWLYH,VRODWLRQ
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PRXQWV KDYH DOVR EHHQ LQYHVWLJDWHG DQG SURWRW\SHPRXQWV KDYH EHHQ GHYHORSHG E\ FDUPDQXIDFWXUHUV
+RZHYHUWKHZHLJKWFRPSOH[LW\DQGDGGHGFRVWRIWKLVWHFKQRORJ\KDYHSUHYHQWHGLWVLPSOHPHQWDWLRQLQ
FRPPHUFLDOYHKLFOHV
7KHUHIRUHRQHDLPRIWKLVSURMHFWLVWKHLQWHJUDWLRQRIVXFKDGYDQFHGODERUDWRU\OHYHOWHFKQRORJLHVLQWR
FRQYHQWLRQDOVROXWLRQVZLWKGLUHFWDSSOLFDWLRQWRQH[WJHQHUDWLRQFLW\FDULQRUGHUWRDVVHVVSUDFWLFDOIHDVL
ELOLW\SURPRWHLQGXVWULDOGHYHORSPHQWDQGGHWHUPLQHFRVWEHQHILWHYDOXDWLRQV
6FLHQWLILFDQGWHFKQLFDOREMHFWLYHV
7KHFXUUHQWYHKLFOHVKDYHDOUHDG\D VWUXFWXUHRSWLPLVHG WRKDYH ORZZHLJKWZLWKRXW UHGXFLQJ WKH UH
TXLUHGSHUIRUPDQFHV+RZHYHUWKHUHDUHVRPHFRPSRQHQWVRIWKHVWUXFWXUHWKDWFDQEHIXUWKHUUHGXFHGLQ
ZHLJKW VWLOOPDWFKLQJ WKH UHVLVWDQFH FUDVK DQG IDWLJXH SHUIRUPDQFHV EXW JLYLQJ D SRRUSHUIRUPDQFH LQ
WHUPVRIQRLVHDQGYLEUDWLRQVDQGLQFUHDVLQJERWKWKHVWUXFWXUHERUQHDQGDLUERUQHVRXQGWUDQVPLVVLRQ
,Q VRPH RI WKHVH FRPSRQHQWV WKH SUREOHP LV UHODWHG WR ORZIUHTXHQF\ UHVRQDQFHV FDXVHG E\ WKHLU
ZHLJKW UHGXFWLRQ:LWKLQ*UHHQ&LW\&DU VKXQWHG SLH]RHOHFWULF SDWFKHV DQG HOHFWURPDJQHWLF DFWXDWLRQ
WXQHG DW WKH IUHTXHQF\ RI LQWHUHVW DUH FRQVLGHUHG WR FRQWURO WKHVH ORZIUHTXHQF\ UHVRQDQFHV /RZ
IUHTXHQF\UHVRQDQFHVDUHDOVRLPSRUWDQWIRUWKHDFRXVWLFFDYLW\LQVLGHWKHSDVVHQJHUFRPSDUWPHQW$FODV
VLFDOVROXWLRQ IRU WKHSUHVVXUHPRGHV LV WKH+HOPKROW] UHVRQDWRUEXW WKH\UHTXLUHELJDLUYROXPHV WREH
HIIHFWLYHLQWKHFDELQZKLOHWKHVSDFHDYDLODEOHLQDYHKLFOHLVXVXDOO\WRRVPDOO,Q*UHHQ&LW\&DUVPDUW
+HOPKROW]UHVRQDWRUVDUHGHYHORSHGXVLQJDIOH[LEOHZDOODQGVKXQWHGRUFRQWUROOHGSLH]RHOHFWULFSDWFKHV
WRUHGXFHWKHUHTXLUHGYROXPHRIWKHUHVRQDWRUZLWKRXWDIIHFWLQJKLVHIIHFWLYHQHVVLQWKHQRLVHUHGXFWLRQ$
VHFRQGLVVXHFRQVLGHUHGLQ*UHHQ&LW\&DU LV WKHORZIUHTXHQF\EURDGEDQGQRLVH WKLVLV WKHFDVHRIWKH
UROOLQJQRLVHVWUXFWXUHERUQHFRPLQJIURPWKHW\UHURDGLQWHUDFWLRQ$SRVVLEOHVROXWLRQLVWKHGHYHORS
PHQWRIGHGLFDWHGDFWLYHQRLVHFRQWUROV\VWHPVIRUWKHFRQWURORIEURDGEDQGUROOLQJQRLVHXVLQJDFRQWURO
V\VWHPWKDWUHGXFHWKHQRLVHLQVLGHWKHFDELQDFWLQJERWKZLWKLQWHUQDOORXGVSHDNHUVRUSLH]RHOHFWULFDFWXD
WRUVRQWKHVXVSHQVLRQEUDFNHWVWKHPVHOYHV
$QRWKHU LPSRUWDQW WRSLF DGGUHVVHG E\*UHHQ&LW\&DU LV GDPSLQJPDWHULDOV DQG DFRXVWLF WUHDWPHQWV
ZKLFKUHSUHVHQWDQLPSRUWDQWSDUWRIWKHZKROHYHKLFOHZHLJKW7KHXVHRIGDPSHGVWHHOSDQHOVVDQGZLFK
ZLWKVWHHODQGYLVFRHODVWLFVWUDWXVPD\KHOSWKHZHLJKWUHGXFWLRQDYRLGLQJWKHDSSOLFDWLRQRIWKHFXUUHQW
FRPPRQELWXPHQGDPSLQJSDWFKHV$OVRWKHXVHRIDOWHUQDWLYHGDPSLQJPDWHULDOVOLNHVSUD\DEOHGDPS
LQJWUHDWPHQWVZLWKDQRSWLPLVHGGLVWULEXWLRQRYHUWKHSDQHOVXUIDFHFRXOGKHOSWKHZHLJKWUHGXFWLRQ)RU
WKHDFRXVWLF WUHDWPHQWV LW LVSRVVLEOH WRGHYHORS LQQRYDWLYHVROXWLRQVIRUERWK WKH LQVXODWLRQRI WKHQRLVH
VRXUFHVDQGWKHDEVRUSWLRQLQVLGHWKHFDELQ$OVRWKHXVHRIFRPSRVLWHPDWHULDOVRUOLJKWZHLJKWDOOR\VRQ
VRPHFRPSRQHQWVOLNHWKHVXVSHQVLRQEUDFNHWVKDVWREHDQDO\VHGIRUKLVSRWHQWLDOZHLJKWUHGXFWLRQ
%HVLGHVQHZJHQHUDWLRQVRIFRPSDFWOLJKWZHLJKWWZRRUWKUHHF\OLQGHU,&HQJLQHVWUXFWXUHVDUHFRQ
VLGHUHGLQ*UHHQ&LW\&DUIHDWXULQJPDQ\XQGDPSHGWKLQZDOOHGFRYHUVDQGSDQHOVH[KLELWLQJKLJKYLEUD
WLRQOHYHOVLQDEURDGIUHTXHQF\UDQJH)RUWKRVHGLVVLSDWLRQRIYLEUDWRU\HQHUJ\LQWKHIRUPRIVWUXFWXUDO
GDPSLQJXVLQJVPDUWPDWHULDOVPRUHVSHFLILFDOO\GDPSLQJE\VKXQWHGSLH]RHOHFWULFSDWFKHVZRXOGEHDQ
DSSURSULDWHVROXWLRQ2QWKHYHKLFOHERG\VLGHWKHH[LVWLQJHQJLQHVPRXQWVKDYHWREHDGDSWHGWRFRPSHQ
VDWH IRU WKH H[FLWDWLRQ RI WKH ERG\ LQ D EURDG IUHTXHQF\ UDQJH E\ OLJKWZHLJKW HQJLQHV +\EULG HQJLQH
PRXQWVDUHGHYHORSHGLQ*UHHQ&LW\&DUFRPELQLQJKLJKSHUIRUPLQJHODVWRPHUPDWHULDOVIRUKLJKHUIUH
TXHQFLHV!+]ZLWKVPDUWPDWHULDOVVXFKDVSLH]RHOHFWULFFHUDPLFVDFWLYHO\FRQWUROOLQJWKHORZHU
IUHTXHQF\UDQJH±+]6XFKDK\EULGHQJLQHPRXQWZLOOEHDEOHWRLQWHUUXSWWUDQVIHUSDWKRIWKH
H[FLWDWLRQV FRPLQJ IURP WKH HQJLQH LQ D IUHTXHQF\ UDQJH DV ORZ DV +] XS WR  N+] )RU ERWK DS
SURDFKHVWKHVRXUFHWUDQVIHUSDWKVQHHGVWREHXQGHUVWRRGLQGHWDLO
)LQDOO\ W\UHVDUHDQRWKHU LPSRUWDQWDFRXVWLF VRXUFHIRUH[WHULRUDQG LQWHULRUQRLVHEHLQJDW WKHVDPH
WLPHD IXQGDPHQWDOFRPSRQHQW WRZRUNRQ IRU WKH UHGXFWLRQRI UROOLQJ UHVLVWDQFH$GHVLJQDSSURDFK LV
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EHLQJGHYHORSHGDQGLPSOHPHQWHGLQRUGHUWRUHGXFHDFRXVWLFHPLVVLRQRIORZUHVLVWDQFHW\UHVPD\EHE\
UHOHDVLQJKDQGOLQJSHUIRUPDQFHZLWKRXWFRPSURPLVLQJVDIHW\
3XUVXLQJWKHGLIIHUHQWFRQFHSWLQDKROLVWLFDSSURDFK*UHHQ&LW\&DUDLPVWRGHPRQVWUDWHWKHIHDVLELO
LW\RIDSSO\LQJDFWLYHV\VWHPVWR19+UHODWHGSUREOHPVRIDGYDQFHGSRZHUWUDLQVIURPDV\VWHPSRLQWRI
YLHZ7KLVKROLVWLFDSSURDFKVKRXOG OHDG WRDUHGXFWLRQ LQQRLVHDQGYLEUDWLRQV OHYHOV LQ WKHRUGHURI
G%$DQGPRUHPHDVXUDEOHLQWKHFLW\FDUSURYLGHGQRWRQFRPSRQHQWOHYHO7KHRYHUDOOREMHFWLYHVRI
*UHHQ&LW\&DUDUHVXPPDULVHGDVIROORZV
x 'HYHORSPHQWRIDQKROLVWLFDSSURDFKRIQRLVHDQGYLEUDWLRQFRQWUROIRUFLW\FDUV
x 9DOLGDWLRQRIWKHIHDVLELOLW\RIDQLQWHJUDWHGQRLVH	YLEUDWLRQFRQWURORQYHKLFOHOHYHOKDYLQJ VDPHLQWHULRUQRLVHSRVVLEO\UHGXFHGH[WHULRUQRLVHZLWKVLJQLILFDQWZHLJKWUHGXFWLRQDQGLPSURYHG
IXHOFRQVXPSWLRQDVFRPSDUHGWRWKHVWDWHRIWKHDUWYHKLFOH FRVWVSRWHQWLDOO\FRPSHWLWLYHZLWKFRQYHQWLRQDOVROXWLRQV 'HYHORSPHQWRIDQLQWHJUDWHGQRLVH	YLEUDWLRQFRQWURORQYHKLFOHOHYHOUHVXOWLQJLQG%$OHVV
QRLVHDQGYLEUDWLRQVOHYHOVDWVDPHZHLJKWDQGHQHUJ\FRQVXPSWLRQ ,QFUHDVLQJPRGXODULW\RILQWHJUDWHGQRLVH	YLEUDWLRQFRQWURO ,QFUHDVLQJDFFHSWDQFHRIFLW\FDUVZLWKHQHUJ\HIILFLHQWSRZHUWUDLQVIURPFRPIRUWSRLQWRIYLHZ

)LUVWVHOHFWHGDFKLHYHPHQWVRI*UHHQ&LW\&DU
$SSOLFDWLRQRIVKXQWHGSLH]RVRQDER[WHVWVWUXFWXUH
,QYLHZRIDSSO\LQJVKXQWWHFKQRORJ\WROLJKWGDPSHGYHKLFOHVWUXFWXUHVDWHVWVWUXFWXUHDQDOXPLQLXP
ER[ZLWKSDQHOVERWKLQVWHHODQGDOXPLQLXPKDVEHHQGHYHORSHG7KHJRDOZDVWRILQGWKHEHVWSRVLWLRQ
RIWKHSLH]RHOHFWULFSDWFKHVWRILQGWKHEHVWNLQGRIFRQWUROLQRUGHUWRPDWFKWKHPRVWFULWLFDOIUHTXHQFLHV
DQGWRDVVHVVWKHLPSURYHPHQWLQWHUPVRIGHFUHDVHLQG%LQVLGHWKHFORVHGFDYLW\7KHDQDO\VLVKDVEHHQ
SHUIRUPHGE\PHDQVRIQXPHULFDO WRROVVRDV WRYDOLGDWHDQDQDO\WLFDOQXPHULFDODSSURDFK7KHGHULYHG
ILQLWHHOHPHQWPRGHORIWKHER[VWUXFWXUHDQGWKHFRUUHVSRQGLQJH[SHULPHQWDOER[ZLWKWKHORFDWLRQRIWKH
SLH]RLVVKRZQLQ)LJ8VLQJWKHYDOLGDWHGILQLWHHOHPHQWPRGHOWKHSURSHUWLHVRI WKHSLH]RZLWKV\Q
WKHWLFLQGXFWRUZHUHUHYLVHGDQGWKHQHHGHGV\QWKHWLFLQGXFWDQFHGHYHORSHG
 
)LJ)(PRGHORIWKHER[DQGVHWXSRIWKHSLH]RRQWKHER[
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7KH DQDO\VLV GHPRQVWUDWHV WKDW WKH VKXQWHG SLH]R DSSURDFK LV D VXLWDEOH FRXQWHUPHDVXUH IRU OLJKW
GDPSHGVWUXFWXUHZKHUHWKHHODVWLFVWUDLQHQHUJ\LVFRQFHQWUDWHGLQWKLVVLWXDWLRQWKHHOHFWURPHFKDQLFDO
FRXSOLQJEHWZHHQSLH]RDQGPHWDOSDUWVFDQEHUHDOO\HIIHFWLYHZLWKVPDOOFKDQJHLQWKHLQFUHDVHGZHLJKW
$WWKHVDPHWLPHWKLVDSSURDFKFDQGHFUHDVHWKHQRLVHPHDVXUHGGHFUHDVHLQWKHYDOXHRIWKHQRLVHSHDN
ZDV G% ± )LJ  SURYLGHG WKDW WKH QRLVH SHDN KDV EHHQ FDXVHG E\ D ZHOOGHILQHG SDQHO ZKHUH WKH
DERYHPHQWLRQHGFRQGLWLRQVFDQEHFRQILUPHG


)LJ1RLVHUHGXFWLRQREWDLQHGLQVLGHWKHFDYLW\ZLWKDVLQJOHSLH]RHOHFWULFSDWFK
$FWLYHYLEUDWLRQ	QRLVHFRQWUROE\DFWLYHV\VWHPV
)XUWKHUPRUHDFRQFHSWIRUDFWLYHYLEUDWLRQFRQWURODWDWRUTXHDUPRIDFLW\FDU¶VHQJLQHPRXQWLQJV\V
WHPZDVGHYHORSHG%DVHGRQWKHDSSOLFDWLRQUHTXLUHPHQWVDQLQHUWLDOPDVVDFWXDWRUVFRQFHSWZDVFKRVHQ
ZKLFKFDQEHPRXQWHGWRYDULRXVVWUXFWXUHVZLWKDPLQLPXPRIGHVLJQFKDQJHV7KHJRDOZDVWRLPSOH
PHQW D IRUFH JHQHUDWRU EDVHG RQ VWLII SLH]RHOHFWULF DFWXDWRUV ZLWK D ORZ UHVRQDQFH IUHTXHQF\ RI DERXW
+]ZKLFK LPSRVHVFKDOOHQJHV WR WKHGHVLJQRI WKHHOHFWURPHFKDQLFDOV\VWHPV6HYHUDOGHVLJQVZKLFK
DPSOLI\ WKH VWURNHRI WKHSLH]R DQG WUDQVIRUP WKH VWLIIQHVVE\ OHYHU V\VWHPV KDYHEHHQ LQYHVWLJDWHGE\
DQDO\WLFDOHVWLPDWLRQVDQGQXPHULFDO LQYHVWLJDWLRQV$IWHUZDUGV IXQFWLRQDOSURWRW\SHVKDYHEHHQ LPSOH
PHQWHGDQGFKDUDFWHULVHGH[SHULPHQWDOO\7KHUHVXOWVZHUHXVHGIRUWKHRSWLPL]DWLRQRIWKHGHVLJQZLWK
UHVSHFWWRWKHUHTXLUHPHQWVIURPWKHFLW\FDUDSSOLFDWLRQVFHQDULR
$VVKRZQLQ)LJXUHWKHIXQFWLRQDOSURWRW\SHVDUHRQDGLIIHUHQWOHYHORIWHFKQRORJLFDOUHDGLQHVV7KH
ILUVW WZRFRQFHSWVZKLFKEDVHRQ VWHHO VSULQJV KDYHEHHQ UHDOL]HG DV DQRYHUDOO LQHUWLDOPDVV DFWXDWRU
V\VWHP7KHGLVNVSULQJFRQFHSWZKLFKLQFOXGHVILEUHUHLQIRUFHGSODVWLFPDWHULDOZLWKLQWHJUDWHGDFWXDWRU
HOHPHQWVLVVWLOORQWKHFRPSRQHQWOHYHO+RZHYHUWKLVFRQFHSWSURPLVHVWKHPRVWFRPSDFWDQGGXUDEOH
VROXWLRQIRUDQLQHUWLDOPDVVDFWXDWRUWKXVLWZLOOEHIXUWKHULQYHVWLJDWHGZLWKLQ*UHHQ&LW\&DU)XUWKHU
PRUHVRPHHIIRUWVZHUHVSHQWRQVKXQWGDPSLQJRQSDQHOV+HUHWKHFRQFHSWRISHULRGLFDOO\GLVWULEXWHG
G%
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SLH]RWUDQVGXFHUVZDVLQYHVWLJDWHGKRZHYHUWKHZRUNLVVWLOOLQEDVLFUHVHDUFKVWDJH5HJDUGLQJDGDSWLYH
FRQWURO V\VWHPV IRU DFWLYH YLEUDWLRQ DQGQRLVH FRQWURO LPSURYHPHQWV WR WKHZHOONQRZQ);/06DOJR
ULWKPZHUHHODERUDWHGLQRUGHUWRHQDEOHWKHFRQWURORIGLVWXUEDQFHVFRQWDLQLQJDKLJKQXPEHURIHQJLQH
VSHHGRUGHUVZKLOHPDLQWDLQLQJDFRQVLGHUDEO\ORZFRPSXWDWLRQDOHIIRUW7KLVVKRXOGDOOHYLDWHHLWKHUWKH
LPSOHPHQWDWLRQRQVPDOOHUSODWIRUPVHJPLFURFRQWUROOHUVRUWKHXWLOL]DWLRQRIDKLJKHUQXPEHURIFRQ
WUROFKDQQHOV
7KHDSSOLFDWLRQRIWKHLQHUWLDOPDVVDFWXDWRUVWRDQDFWXDOFDUVWUXFWXUHLQYROYHVDPRXQWLQJRQDOLP
LWHGVWLIIQHVVLQFRQWUDVWWRWKHODERUDWRU\WHVWVZKHUHWKHEORFNIRUFHLVDQDO\VHG:LWKWKHKHOSRIDV\V
WHPOHYHOVLPXODWLRQLWZDVVKRZQWKDWDUHGXFHGVWLIIQHVVDWWKHPRXQWLQJSRLQWVGRHVQRWKDYHVLJQLIL
FDQWLQIOXHQFHRQWKHDFWXDWRUIRUFH)LJXUH

6WURNHDPSOLILHGDFWXDWRU %HQGLQJEHDP 'LVNVSULQJ
 
)LJ'HYHORSHGFRQFHSWVDQGWKHLPSOHPHQWHGSURWRW\SHV
[BS
8BHO
[BS
)B
)B
DFWLQWHUIDFH
3LH]RDNWRU
,QSXW
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
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)LJ6\VWHPOHYHOVLPXODWLRQRIDQLQHUWLDOPDVVDFWXDWRUOHIWDQGUHVXOWVIRUGLIIHUHQWVWLIIQHVVYDOXHVDWWKHPRXQWLQJSRVLWLRQ
ULJKW
$FWLYH+HOPKROW]5HVRQDWRUV
7KH IXQFWLRQLQJRIDQ$FWLYH+HOPKROW]5HVRQDWRU $+5 IRUQRLVHFRQWURODW DQ LQWDNH V\VWHPKDV
EHHQ LQYHVWLJDWHG:LWK DQ $+5 D W\SLFDO +HOPKROW] UHVRQDWRU LV XQGHUVWRRG ZKHUH WKH YROXPH LH
VSULQJVWLIIQHVVRIWKHUHVRQDWRUFDQEHPRGLILHGE\DORXGVSHDNHU
$VLPSOLILHGWKHRU\IRUWKHRQHGLPHQVLRQDOVRXQGSURSDJDWLRQLQDGXFWLVXWLOLVHGWRLQYHVWLJDWHWKH
SRWHQWLDOSHUIRUPDQFHRIDQ$+5,WWXUQHGRXWWKDWWKH$+5LVDEOHWRSURYLGHDVXEVWDQWLDOLQVHUWLRQORVV
DERXW  G% HYHQ IRU D  HUURU LQ DPSOLWXGH+RZHYHU WKH SKDVH DFFXUDF\ LVPRUH FULWLFDO 7KLV
PLJKWDOORZXVLQJD&$0VLJQDOLHLQIRUPDWLRQUHODWHGWRWKHUSPIURPWKHHQJLQHDVLQSXWWRWKHFRQ
WUROOHU7KH$+5ZDVLPSOHPHQWHGLQDQH[SHULPHQWDOVHWXSZKHUHDSULPDU\ORXGVSHDNHUVLPXODWHVWKH
HQJLQH%DVHGRQPHDVXUHG WUDQVIHU IXQFWLRQVDQ LGHDO IHHGIRUZDUGFRQWUROOHU IRU WKH VHFRQGDU\ VRXUFH
LQVLGH WKH$+5ZDVGHVLJQHG WR WKH UDQJHEHWZHHQ DQG+]ZKLFKZDV LGHQWLILHG DV WKHPRVW
UHOHYDQWIUHTXHQF\UDQJHLQRUGHUWRLPSURYHWKHDFRXVWLFSHUIRUPDQFHRIWKHLQWDNHV\VWHP5HFRGHGVLJ
QDOVRIWKHVRXQGSUHVVXUHDWWKHRSHQLQJRIWKHLQWDNHV\VWHPGXULQJDUXQXSDUHDSSOLHGWRWKHSULPDU\
VRXUFH IRU D WHVWLQJ 7KHPHDVXUHG VLJQDOV ZHUH KLJKSDVV ILOWHUHG LQ RUGHU WR DOORZ D KLJKHU G\QDPLF
UDQJHIRUWKHSULPDU\VRXUFHFXWRQIUHTXHQF\+],QDGGLWLRQDQLQYHUVHILOWHURIWKHSURSDJDWLRQ
SDWKEHWZHHQSULPDU\VRXUFHDQGRXWOHWRIWKHLQWDNHV\VWHPZDVGHVLJQHGWRDVVXUHWKDWWKHDUWLILFLDOVLJ
QDODW WKHRSHQLQJFRUUHVSRQGHG WR WKHPHDVXUHGVLJQDO)LJXUHVKRZVDQRUGHUDQDO\VLVRI WKHUXQXS
VLJQDOXVHGLQWKHH[SHULPHQWZLWKRXWFRQWUROOHIWDQGZLWKFRQWUROULJKW,QDGGLWLRQWKH)LJXUHVKRZV
WKHUHVXOWLQJUHGXFWLRQDVLQVHUWLRQORVV)LJXUHERWWRPZKLFKLVLQWKHIUHTXHQF\EDQGRILQWHUHVWW\SL
FDOO\EHWZHHQDQGG%7KHUHVXOWVFRXOGEHLPSURYHGIXUWKHUE\RSWLPLVDWLRQRIWKHSRVLWLRQRIWKH
$+5$NH\TXHVWLRQLVVWLOOWKHQHHGHGFRQWUROHIIRUWIRUWKHVHFRQGDU\VRXUFH


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)LJ2UGHUDQDO\VLVRIDVLPXODWHGUXQXS7RSOHIWZLWKRXWFRQWUROWRSULJKWZLWKFRQWUROEHWZHHQDQG+]ERWWRP
LQVHUWLRQORVVDUELWUDU\UHIHUHQFHQRUHDOVFDOH
,QWHJUDWHGIHHGIRUZDUGDQGIHHGEDFNDFWLYHQRLVHFRQWUROV\VWHP
$FWLYHQRLVHFRQWUROV\VWHPVRIIHUDSRWHQWLDOPHWKRGRIUHGXFLQJWKHZHLJKWRISDVVLYHDFRXVWLFWUHDW
PHQWDQGWKHUHIRUH LQFUHDVLQJYHKLFOHV¶ IXHOHIILFLHQF\7KHVHFDQEHSDUWLFXODUO\FRVWHIILFLHQWLI LQWH
JUDWHGZLWKWKHHQWHUWDLQPHQWV\VWHP$FRPELQHGV\VWHPZDVEHLQJLQYHVWLJDWHGWKDWHPSOR\VIHHGIRU
ZDUGFRQWURORIHQJLQHQRLVHDQGIHHGEDFNFRQWURORIURDGQRLVHXVLQJDµPRGDO¶HUURUVLJQDODVEHORZ
)LJ7KHSULQFLSOHRIPRGDOIHHGEDFNFRQWUROLVWRVXPWKHSUHVVXUHVDWDQXPEHURIHUURUVHQVRUVLQ
RUGHUWRPD[LPLVHWKHFRPSRVLWHPRGDOHUURUVLJQDODWDVSHFLILFPRGHDQGWKXVPD[LPLVHWKHFRQWURORI
WKDWSDUWLFXODUPRGHZKHQWKHPRGDOHUURUVLJQDOLVUHSURGXFHGE\WKHVHFRQGDU\VRXUFH7KHSRODULW\ZLWK
ZKLFKWKHHUURUVLJQDOVDUHVXPPHGLVGHWHUPLQHGE\WKHLUSRVLWLRQUHODWLYHWRWKHQRGDOOLQHVRIWKHDFRXV
WLFPRGH WREHFRQWUROOHG)RU WKHVRXUFHVHQVRUV\VWHPVKRZQLQ)LJXUH LQRUGHU WRFRQWURO WKH ILUVW
ORQJLWXGLQDOPRGH WKHSRODULW\RI WKH IRXU HUURU VHQVRUV LQ WKH UHDU FRUQHUV RI WKH HQFORVXUH LV LQYHUWHG
EHIRUHVXPPDWLRQZLWKWKHRXWSXWVRIWKHIRXUHUURUVHQVRUVLQWKHIURQWRIWKHHQFORVXUH

)LJ0RGDOIHHGEDFNFRQWUROV\VWHP
'XHWRWKHGHSHQGHQFHRIWKHIHHGEDFNV\VWHPRQWKHPRGDOUHVSRQVHRIWKHYHKLFOHFDELQDQGWKHLQ
IOXHQFHRIVWUXFWXUDODFRXVWLFFRXSOLQJRQ WKLVUHVSRQVH WKHHIIHFWVRIVWUXFWXUDODFRXVWLFFRXSOLQJXSRQ
WKHSHUIRUPDQFHRI WKHDFWLYHQRLVHFRQWUROVWUDWHJLHV LV LQYHVWLJDWHG$QHOHPHQWDOPRGHORIVWUXFWXUDO
DFRXVWLFFRXSOLQJLVGHULYHGDQGXVHGWRVLPXODWHWKHFKDQJHLQSHUIRUPDQFHRIWKHDFWLYHFRQWUROV\VWHPV
DVDUHVXOWRIFRXSOLQJWKHIHHGIRUZDUGFRPSRQHQWLVODUJHO\XQDIIHFWHGE\VWUXFWXUDODFRXVWLFFRXSOLQJ
ZKLOVWWKHPRGDOIHHGEDFNSHUIRUPDQFHLVUHGXFHGIURPWRG%DWWHQXDWLRQLQWRWDODFRXVWLFSRWHQWLDO
HQHUJ\GXH WR WKHVKLIW LQ WKHIUHTXHQF\RI WKH WDUJHWHGDFRXVWLFPRGH7KHVLPXODWLRQUHVXOWVDUHFRQ
ILUPHGWKURXJKH[SHULPHQWVFRQGXFWHGLQDVWUXFWXUDODFRXVWLFFRXSOHGHQFORVXUHWKHUHVXOWVRIZKLFKDUH
VKRZQEHORZ)LJ

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
)LJ/HIW(VWLPDWHRIWRWDODFRXVWLFSRWHQWLDOHQHUJ\EHIRUHDQGDIWHUVLPXODWHGJOREDOIHHGIRUZDUGFRQWUROXVLQJH[SHULPHQWDOO\
PHDVXUHGUHVSRQVHVIRUDVLQJOHVHFRQGDU\VRXUFHULJKW(VWLPDWHRIWRWDODFRXVWLFSRWHQWLDOHQHUJ\EHIRUHDQGDIWHUVLPXODWHGPRGDO
IHHGEDFNFRQWUROXVLQJH[SHULPHQWDOO\PHDVXUHGUHVSRQVHVZLWKDVLQJOHVHFRQGDU\VRXUFHDQGDPD[LPXPHUURUVLJQDOHQKDQFHPHQW
RIG%
&RQFHSWVIRUOLJKWZHLJKWVRXQGSDFNDJH
:LWKLQ*UHHQ&LW\&DUDQHZW\SHRIFRQVWUDLQHGOD\HUGDPSHUKDVEHHQGHYHORSHGZLWKWKHEHVWSRV
VLEOH FRPSURPLVH EHWZHHQ IRUPDELOLW\ ZHLJKW VWLIIQHVV DQG WKLFNQHVV DFFRUGLQJ WR WKH IROORZLQJ UH
TXLUHPHQWV7KHWRWDOZHLJKWSHUXQLWDUHDPXVWQRWH[FHHGDJLYHQPD[LPXPYDOXHZKLFKDFFRUGLQJWR
H[WHQVLYHEHQFKPDUNLQJDQDO\VLVFDQEHUHDVRQDEO\FRQVLGHUHGDWNJVTP
$V FRQVWUDLQLQJ OD\HU WRS OD\HU D WKLQ DOXPLQLXP IRLO KDV EHHQ FKRVHQ GXH WR LWV KLJKO\ HIIHFWLYH
FRPELQDWLRQZHLJKWYHUVXVVWLIIQHVV7KHZHLJKWSHUXQLWDUHDRIWKHPLGGOHOD\HUPXVWEHDVORZDVSRV
VLEOH LQRUGHU WRKHOSDFKLHYH WKHREMHFWLYHRIUHGXFWLRQIRU WKHZKROHYHKLFOHVRXQGSDFNDJHDQG
NHHSWKHWUHDWPHQWZHLJKWEHORZWKHEHQFKPDUNLQJGHULYHGOLPLWRINJVTP7KHHORQJDWLRQSURSHUWLHV
DWURRPWHPSHUDWXUHRIWKHPLGGOHOD\HUPXVWEHVXIILFLHQWO\KLJKWRDOORZIRUPDELOLW\LH WKHPDWHULDO
PXVWEHVXIILFLHQWO\³VWUHWFKDEOH´WRDYRLGFUDFNLQJGXULQJWKHIRUPLQJSURFHVV7KLVUHTXLUHPHQWRIWHQ
OLPLWVWKHXVDJHRIVWDQGDUGELWXPHQ7KHEHVWSRVVLEOHFRPELQDWLRQVWLIIQHVVHORQJDWLRQPXVWEHUHDFKHG
WRDOORZKLJKGDPSLQJE\VKHDUVWUHVVLQWKHFRUHZLWKRXWFRPSURPLVLQJIRUPDELOLW\
$ GLUHFW FRQVHTXHQFH RI DOO WKH SUHYLRXV UHTXLUHPHQWV LV WKDW WKHPLGGOH OD\HU DQG WKH FRQVWUDLQLQJ
OD\HU DOXPLQLXPIRLOVKRXOGQRWEH WRR WKLFN)RU IRUPDELOLW\ UHDVRQV WKH WKLFNQHVVRI WKHDOXPLQLXP
IRLOVKRXOGQRWH[FHHGPPDQGWKHWRWDOWKLFNQHVVRIWKHPXOWLOD\HUVKRXOGEHQRWPRUHWKDQPP
RYHUDOOPDNLQJ LW FRPSDUDEOH WR WKH W\SLFDOPLQLPXP WKLFNQHVVRI VLQJOH OD\HU GDPSLQJ WUHDWPHQWV RI
FLW\FDUV
$IWHUH[WHQVLYHUHVHDUFKDQHZVSHFLDOELWXPHQEDVHGIRUPXODWLRQIRUWKHPLGGOHOD\HULQDFFRUGDQFH
ZLWK WKH DERYH VSHFLILFDWLRQV KDV EHHQ GHYHORSHG7KH ILUVW SURWRW\SH OD\HUV DUH DW WKHPRPHQW XQGHU
PDQXIDFWXULQJDQGFRPSDUDWLYHDQDO\VLVLVIRUHVHHQLQRUGHUWRFKHFNWKHSHUIRUPDQFHRIWKHQHZO\GH
YHORSHGFRQVWUDLQHGOD\HUYHUVXVFXUUHQWVWDWHRIWKHDUWVROXWLRQV
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)XUWKHUPRUHQHZVROXWLRQV IRU WKH VRXQGSDFNDJHSDUWV LQ WKHHQJLQHED\KDYHEHHQ LQYHVWLJDWHGE\
GHYHORSLQJ DQG WHVWLQJQHZPDWHULDOV FRPELQLQJ ORZZHLJKW DQGKLJK DFRXVWLF SURSHUWLHV LH DFRXVWLF
DEVRUSWLRQDQGLQVXODWLRQSHUIRUPDQFH$SDUWLFXODUO\HIIHFWLYHFRPELQDWLRQKDVSURYHQWREHWKHGRXEOH
OD\HUPDGHRIDVSHFLDOILEUHEDVHGPDWHULDODVDOLJKWZHLJKWDQGVWLII WKHUPRDFRXVWLFFDUULHUDQGOLJKW
ZHLJKWIRDPDVDQDFRXVWLFDEVRUEHU$OOGHYHORSHGPDWHULDOVZHUHSURWRW\SHGDQGYDOLGDWHG
,QDGGLWLRQDQRYHOOLJKWZHLJKWFRQFHSWIRULQQHUGDVKLQVXODWRUVKDVEHHQGHYHORSHGDEOHWRFRPELQH
ORFDOO\ KLJK DFRXVWLF DEVRUSWLRQ DQG LQVXODWLRQ7KLV FRQFHSW KDVEHHQ WHVWHGRQ D VLQJOHSDUW DQG LQ D
VPDOOYHKLFOHDQGKDVVKRZQVLPLODUDFRXVWLFSHUIRUPDQFHWRFRQYHQWLRQDOKHDY\LQVXODWRUVZLWKUHPDUN
DEOHZHLJKWVDYLQJV
&RQFHSWVIRUORZQRLVHW\UHVZLWKORZUROOLQJUHVLVWDQFH
7RRSWLPL]HWKHQRLVHLQVLGHWKHYHKLFOHW\UHVZLWK&RQWL6HDOZHUHEXLOW&RQWL6HDOLVDQDGGLWLRQDODLU
SURRIOD\HULQWUHDGDSSOLHGDIWHUW\UHFXULQJ6HDOVSXQFWXUHLQWKHWUHDGDUHDFDXVHGE\SHQHWUDWLQJRE
MHFWVXSWRPPLQGLDPHWHUDQGKROHVDUHVHDOHGHYHQLIWKHSHQHWUDWLQJREMHFWEHFRPHVGLVORGJHG7KH
W\UHZLWKVHDOKDV WKHVDPHKLJKSHUIRUPDQFHXQGHUQRUPDOGULYLQJFRQGLWLRQVDVQRQVHDOHG W\UHV7KH
W\UHVFDQEHPRXQWHGRQVWDQGDUGULPV7KHQRLVHOHYHOVPHDVXUHGLQVLGHWKHYHKLFOHZHUHORZHUHGE\
G%IRUORZIUHTXHQFLHVDQGXSWRG%IRUKLJKIUHTXHQFLHV$GGLWLRQDODIRDPDEVRUEHURQWKHVHDOZDV
DSSOLHGDVVNHWFKHGLQ)LJ
7KHIRDPDEVRUEHUH[WUHPHO\LPSURYHVFDYLW\QRLVHSHUIRUPDQFHRIW\UHDVVKRZQLQ)LJ$UHGXFWLRQ
RI WKHDPSOLWXGHDW WKH OHIWFDYLW\ IUHTXHQF\RIG%RQURXJKVXUIDFHZDVPHDVXUHG7KH OHIWFDYLW\
PRGHFRPSOHWHO\GLVDSSHDUV7KHULJKWFDYLW\PRGHLVRYHUODLGE\DIUHTXHQF\IURPWKHHQJLQHVRWKDWWKH
HIIHFWLVQRWVRFOHDU%XWHYHQLQWKLVFDVHWKHDPSOLWXGHLVORZHUHGE\G%7KHVROXWLRQLVYHU\HIILFLHQW
DQG FDQ FRQWULEXWH WR DPXFK EHWWHU FRPIRUW LQVLGH WKH YHKLFOH 7KH RQO\ GUDZEDFN LV WKH LQFUHDVH RI
ZHLJKWRIHDFKW\UHE\NJPDVV


)LJ1HZGHVLJQRIVHDOSOXVDEVRUEHU

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 
)LJ,QWHULRUQRLVHPHDVXUHPHQWVRQFRDUVHURDG±GHWDLO

6XPPDU\DQG&RQFOXVLRQ
,QWKHILUVW WZR\HDUVRI*UHHQ&LW\&DU WKHIRFXVZDVRQ WKHDGDSWDWLRQDQGHODERUDWLRQRIHQDEOLQJ
WHFKQRORJLHVWRWKHUHTXLUHPHQWVRIFLW\FDUV,QWKUHHZRUNSDFNDJHVVSHFLILFFRQFHSWVIRUVXLWDEOHDFWXD
WRUVQHZPDWHULDOV\VWHPVDQGLQQRYDWLYHW\UHVZHUHGHYHORSHGDQGYDOLGDWHGRQODERUDWRU\VFDOH:LWK
UHVSHFW WRDFWXDWLQJSULQFLSOHVVKXQWHGSLH]RFHUDPLFVFRQFHSWV IRU LQHUWLDOPDVVDFWXDWRUVDQGHOHFWUR
PHFKDQLFDO DFWXDWRUV DGDSWLYH+HOPKROW] UHVRQDWRUV DQG WKH DVVRFLDWHG FRQWURO VWUDWHJLHVZHUH FRQVLG
HUHG7KHVHVHOHFWHGSULQFLSOHVZHUHEXLOGXSDVIXQFWLRQDOSURWRW\SHVDQGYDOLGDWHGDQGVLPSOLILHGVWUXF
WXUHV,WFRXOGEHSURYHQWKDWDOOFRQFHSWVDUHIHDVLEOHIRUWKHLPSOHPHQWDWLRQLQFLW\FDUVZKLFKLVIRUHVHHQ
LQ WKH VHFRQG SHULRG$V WHVW FDVHV D OLJKWZHLJKW VXVSHQVLRQ EUDFNHW D WRUTXHUROOUHVWULFWRU WKH LQWDNH
V\VWHPHQJLQHFRPSRQHQWVDQGWKHFDELQKDVEHHQVHOHFWHG
5HJDUGLQJVRXQGSDFNDJHPDWHULDOVDQHZW\SHRIFRQVWUDLQHGOD\HUGDPSLQJ WUHDWPHQWEDVHGRQDWKLQ
DOXPLQLXPIRLODSSOLHGRQDQHZVSHFLDO W\SHRIELWXPLQRXVOD\HUKDVEHHQGHYHORSHG7KLVWUHDWPHQWLV
H[SHFWHGWRSRVLWLYHO\LPSDFWRQWKHZHLJKWRIWKHILQDOGDPSLQJSDFNDJHWREHPDGHRQWKHGHPRYHKLFOH
SRVVLEO\ZLWKDQDGGHGGDPSLQJSHUIRUPDQFHJLYHQE\WKHXVDJHRIDFRQVWUDLQHGOD\HULQWKHSODFHRID
VLQJOHOD\HU0RUHRYHUQRYHODFRXVWLFWUHDWPHQWVIRUWKHVRXQGSDFNDJHKDYHEHHQLQYHVWLJDWHGFRPELQ
LQJ ORZZHLJKWDQGJRRGWKHUPRDFRXVWLFSHUIRUPDQFHPDWHULDOVIRUHQJLQHED\DSSOLFDWLRQV$SDUWLFX
ODUO\ HIIHFWLYH FRPELQDWLRQ KDV SURYHQ WR EH D GRXEOH OD\HUPDGH RI D QHZ ILEUHEDVHG FDUULHU ZLWK D
OLJKWZHLJKWIRDPDEVRUEHUZKLFKKDVEHHQGHYHORSHGSURWRW\SHGDQGWHVWHG)LQDOO\GLIIHUHQWGHVLJQVRI
W\UHVIRUFLW\FDUVKDYHEHHQGHYHORSHGLQDQLWHUDWLYHSURFHVV$W\UHFRQVWUXFWLRQZDVIRXQGZLWKERWK
ORZUROOLQJUHVLVWDQFHJRRGDFRXVWLFFRPIRUWDQGDQDFFHSWDEOHLQWHULRUQRLVHKRZHYHUWKLVFRQVWUXFWLRQ
LVQRWRQWDUJHWUHJDUGLQJWKHKDQGOLQJSHUIRUPDQFH,QWKHQH[WSKDVHWKLVW\UHGHVLJQZLOOEHIXUWKHURS
WLPL]HG
$GGLWLRQDOLQIRUPDWLRQRQWKHSURMHFWDQGLWVUHVXOWVFDQEHIRXQGRQWKHSURMHFWKRPHSDJHZZZJUHHQ
FLW\FDUHXRULQWKHOLVWHGUHIHUHQFHV
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$FNQRZOHGJHPHQWV
7KHZRUNSUHVHQWHGLQWKLVSDSHUKDVEHHQILQDQFLDOO\VXSSRUWHGE\WKH(XURSHDQ&RPPLVVLRQUHVHDUFK
SURMHFW*UHHQ&LW\&DU6&3*$7KHDXWKRUVDOVRZLVKWRWKDQNDOOFROOHDJXHVZKRFRQ
WULEXWHVWR*UHHQ&LW\&DUVXFKDV'LUN0D\HU(PDQXHOH3LVDQRDQG-RUGDQ&KHHUMXVWWRQDPHDIHZ
5HIHUHQFHV
*HUKDUG+0FRS\ULJKWRI3RUVFKHSURYLGHGDQGSHUPLVVLRQIRUXVHJLYHQE\3RUVFKH
5RKOILQJ-(OOLRWW6-*DUGRQLR3&RPSHQVDWLRQILOWHUIRUIHHGEDFNFRQWUROXQLWVZLWKSURRIPDVVHOHFWURG\QDPLFDFWXDWRUV
3URFRIWKH,60$6HSWHPEHU/HXYHQ
&KHHU-(OOLRWW6-7KHHIIHFWRIVWUXFWXUDODFRXVWLFFRXSOLQJRQWKHDFWLYHFRQWURORIQRLVH LQYHKLFOHV3URFRI(XUR'\Q
-XO\±/HXYHQ
+RHYHU&6DELQLDU]3.URSS3:DYHJXLGH)LQLWH(OHPHQWEDVHGSDUDPHWHUVWXG\RIFDUW\UHUROOLQJORVVHV)RUXP$FXVWL
FXP-XQH±-XO\$DOERUJ'HQPDUN
+RHYHU & 6DELQLDU] 3 .URSS :  :DYHJXLGH)LQLWH(OHPHQW EDVLHUWH 3DUDPHWHUVWXGLH ]XP 5ROOZLGHUVWDQG YRQ 3.:
5HLIHQ'$*$0DUFK±'VVHOGRUI

